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Abstract 
Oil palm shell was used as a precursor for preparation of activated carbon using different chemical activations 
(potassium hydroxide (KOH), zinc chloride (ZNCl2), and phosphoric acid (H3PO4)). Each activated carbons (AC) 
was mixed with nano-zinc oxide to form a composite. From the gas sorption analyzer, it is showed that nitrogen 
adsorption isotherms show Type II for ZnO/AC-KOH and ZnO/AC-ZnCl2 corresponding to the micro- and mesopo-
rous structures, respectively. However, the nitrogen adsorption isotherm of ZnO/AC-H3PO4 exhibits the Type I 
with predominantly microporous structures. The SEM micrographs produced unsmooth surface and different pore 
sizes. The XRD patterns at 2θ of 25.06° and 26.75° were come from amorphous activated carbon. The peak intensi-
ty of ZnO was weak due to low concentration of zinc precursor. However, the ZnO of ZnO/AC-ZnCl2 showed strong-
ly peak intensity. The effectiveness of the composites was examined for phenol removal determined by UV-Vis 
Spectrophotometer method. The equilibrium adsorption follows the Langmuir and Freundlich models according to 
the best correlation coefficient (R2). The kinetic model was only obtained for the pseudo-second-order with the best 
linearity of the correlation coefficient (R2). The results of this study showed that the oil palm shell has a great po-
tential for ZnO/AC with excellent adsorptive property. 
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1. Introduction 
Phenol and its derivate are the most common 
hazard chemicals even at low concentration in 
wastewater [1,2]. Phenolic compounds can be 
easily obtained in the effluent of wastewater 
coming from the petrochemical industries, tex-
tile, pesticides, petroleum refineries, resin in-
dustries, dye synthesis, pharmaceutical indus-
tries [3,4]. Their properties are highly corrosive 
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that can severe the human being and living 
things. Some methods have been applied to re-
move or recovery of aquatic environment includ-
ing the adsorption, ion exchange, precipitation, 
oxidation gas and steam stripping. Among 
them, adsorption using porous materials is the 
most popular method because of its excellent 
pore structures and highly adsorption capacity. 
Porous material is class of solid materials with 
low density, high surface area and a range of 
novel properties in physical and chemical fields. 
The pore can be clarified into micropore (pore 
diameter <2 nm), mesopore (pore diameter 2–50 
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nm) and macropore (pore diameter >50 nm). 
Porous material has been intensively studied in 
the design and synthesis, characterization and 
property evaluation. The designing of porous 
material with metal oxide to form composite re-
sults advantages properties such as thermal 
stability, improving of physical and chemical 
properties, censors, catalyst and separations.  
Previous study reported that the porous acti-
vated carbon with zinc oxide is one of the most 
popular adsorbents for removal of dyes in aque-
ous solution [5]. 
Porous activated carbon is an excellent ma-
terial having high surface area, pore volume, 
pore size distribution and functional groups. It 
can be prepared from many types of biomass 
such as oil palm shell, coconut shell, bagasse, 
bone using physical or chemical processes. 
However, the activated carbon itself still have 
less structures and complex physiochemical 
properties such as poor selective adsorption, 
low thermal stability, kinetic and non-
equilibrium adsorption [6]. Due to high require-
ment of activated carbon, scientists have to find 
the new alternative precursor and improve 
their property. Combination of activated carbon 
with nanoparticle metal oxide is one of popular 
methods to produce a better sorption property. 
Nanoparticle such as zinc oxide (ZnO) is widely 
used as adsorbent in the wastewater treat-
ments. It has excellent properties such as pho-
to-catalytic, antibacterial and capacitor materi-
als which are non-toxic and thermal stability. 
The growing of ZnO onto activated carbon as 
metal carbon matrix reinforcement has been in-
tensively studied to improve the composite’s 
performance including surface area and ad-
sorptive capacity.  
Previous studies reported that the mixture 
of ZnO and activated carbon have been applied 
in many applications as adsorbent for removal 
of heavy metal ion, capacitor and catalyst [7,8]. 
Development of activated carbon to find an ex-
cellent property will be a great challenge in the 
future including its pore structure, method and 
raw material type. Preparation of 
ZnO/activated carbon with different chemical 
activations and modified zinc oxide has been 
attracted to develop including the properties 
and application. 
The objectives of this work are to synthesize 
and characterize of zinc oxide/activated carbon 
(ZnO/AC) composites. Activated carbon and 
ZinO/activated carbon were characterized by 
the Fourier transform infrared (FTIR) spectros-
copy (Perkin Elmer Spectrum Version 10.5.1), 
Gas sorption analyzer (GSA) (Quanthachrome), 
Scanning electron microscope with Energy dis-
persive X-ray (SEM-EDX) analysis (JEOL 
JED-2300), X-ray diffraction (XRD) method 
(Bruker D2 Phaset  Gen). The graphite furnace 
is from (Nabertherm). Adsorption capacity of 
phenol was evaluated at various parameters 
such as pH solution, concentration, adsorbent 
dosage and contact time using UV-Visible spec-
trophotometer (Hitachi UH5300) [9]. 
 
2. Material and Methods 
2.1 Materials 
Biomass of oil palm shell was obtained from 
open area at around palm oil industry. All 
chemicals such as potassium hydroxide (KOH), 
phosphorous acid (H3PO4), zinc chloride 
(ZnCl2), phenol, chloride acid (HCl), zinc oxide 
nanoparticle (ZnO), and nitric acid (HNO3) 
were purchased from Merck with analytical 
grade and used without further purification. 
 
2.2 Preparation of Activated Carbon 
Oil palm shell was washed with hot distilled 
water to reduce oil and dirt contents and dried 
in the oven at 110 °C for 24 h. The dried shell 
was grounded and sieved to particle size in the 
range of 0.1–0.5mm. Approximately, 250 g of 
shell was impregnated with each of 500 ml of 
each 20% H3PO4, ZnCl2 or KOH solution and 
refluxed at 85 °C for 6 h [10,11]. To reduce 
chemical content, samples were washed with 
distilled water, neutralized to pH 6-7 using ac-
id or based solution and dried in oven at 110 °C 
for 24 h. Each of samples was carbonized into 
stainless steel reactor to 500 °C for 3 h with 
heating rate of 5 °C.min−1. During carboniza-
tion, purified nitrogen gas was flowed into the 
reactor at a constant rate of 200 cm3 min−1.  
The resulted carbonization was washed with 
distilled water to remove ash content. Dried 
samples were and kept in desiccator as activat-
ed carbon of AC-KOH, AC-H3PO4, and AC-
ZnCl2. 
 
2.3 Preparation of Activated Carbon/ZnO  
Prior to preparation of composite, activated 
carbons (AC-KOH, AC-H3PO4 and AC-ZnCl2) 
were modified with 3 M HNO3 solution to re-
move metal contents and to activate functional 
group which are anchored on the carbon.  Mod-
ified activated carbons were dried in an oven at 
110 °C for 24 h. Approximately, 20 g of nano-
particle zinc oxide was loaded to 100 g each of 
activated carbon in the hydrothermal reactor 
and continued into graphite furnace. The mix-
tures were added with the deionized water and 
ethanol (2:1) and strongly shaken for 2 h. Tem-
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perature of graphite furnace was gradually in-
creased to 150 °C for 4 h.  After cooling down, 
the composites were dried and labeled as 
ZnO/AC-composite consisting of ZnO/AC-KOH, 
ZnO/AC-H3PO4 and ZnO/AC-ZnCl2. 
 
2.4 Characterization of Composites  
Characterization of ZnO/AC-composite was 
identified by nitrogen adsorption isotherms at 
77 K. The BET surface area was obtained at 
relative pressure (P/Po) in the range of 0.05–
0.3. Total pore volume was obtained at maxi-
mum P/Po=0.99. The presences of functional 
groups on the composite’s surface were evaluat-
ed by the Fourier Transform Infrared Spectros-
copy (FTIR) at wavelength in the range of 
4000–400 cm−1 [12]. Surface morphology and el-
emental analysis were carried out by the Scan-
ning Electron Microscopy-Energy and Disper-
sive X-Ray (SEM-EDX). The crystalline and 
unit cell dimension were studied by the X-ray 
powder diffraction (XRD) [13]. 
 
2.5 Removal of Phenol  
The amount of phenol removal onto 
ZnO/AC-composite was evaluated using batch 
method at room temperature. The experiment 
data was obtained from equilibrium adsorption 
isotherm at varying adsorption parameters 
such as concentration, pH, adsorbents weight 
and contact time. The sorption rate of phenol 
was determined by the UV-Visible spectropho-
tometry at wave length of 270–274 nm.  The 
percentage adsorption (%R) was calculated as 




The Langmuir and Freundlich isotherm models 
were applied to evaluate the equilibrium ad-
sorption.  The Langmuir is presumed as mono-
layer adsorption relating to the specific homo-
geneous surface. The Freundlich is assumed as 
multilayer adsorption occurring on the hetero-
geneous surface. 
 
3. Result and Discussion 
3.1 Nitrogen Adsorption Isotherm Analysis 
The nitrogen adsorption isotherms are dis-
played in Figure 1. The nitrogen isotherms of 
ZnO/AC-KOH and ZnO/AC-ZnCl2 show similar 
plots exhibiting type II isotherms correspond-
ing to the presence of micro- and mesoporous 
structures. Compared with the ZnO/AC-H3PO4, 
nitrogen isotherm plot tends to show type I iso-
therm with predominantly microporous struc-
tures. The resulted study indicated that the ef-
fect of phosphoric acid showed that an increas-
ing the formation of micropore compared to the 
potassium hydroxide and zinc chloride. Textur-
al characteristic of ZnO/AC-composite is shown 
in Table 1. The results of BET surface area 
were not satisfactory. The experiment data 
showed that the desorption isotherm do not co-
incide with the adsorption isotherm creating 
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wide hysteresis loop. In case of desorption pro-
cess some of porosity could be broken that 
closed the porosity. As a result, desorption pro-
cess was much slower than adsorption process 
due to poor porosity [14]. The maximal surface 
area was obtained at ZnO/AC-KOH. Average 
pore sizes of the composites were presence in 
the range of 1.02–1.31 nm corresponding to the 
predominantly microporous structure. It can be 
seen that the effects of activating agents have 
influenced the formation of pore structures. 
The activating agents KOH and H3PO4 might 
support to bond cleavage reaction of precursor 
and rearrangement to form the pore structure. 
Therefore, zinc chloride has thermal stability 
which was assumed to improve the perfor-
mance of pore structures. It is well known that 
surface and pore size play important roles to 
support the adsorption of phenol process [15]. 
 
3.2 Functional Group Analysis 
The presences of functional groups of acti-
vated carbon and ZnO/AC-composite were 
studied through the FTIR spectra as displayed 
in Figure 2. The weak bands at around 3749–
3671 cm−1 are assigned as O−H stretching vi-





t-plot Total pore 












ZnO/AC-KOH 82.1 42.1 40.0 0.05 1.28 
ZnO/AC-ZnCl2 76.2 36.2 40.0 0.05 1.31 
ZnO/AC-H3PO4 69.9 42.5 27.4 0.04 1.02 
Table 1. Textural characterization of nano-ZnO/ACs. 
Figure 2. The FTIR spectra of (a) activated 
carbon, (b) ZnO/AC-KOH, (c) ZnO/AC-ZnCl2, 
(d) ZnO/AC-H3PO4. 
Figure 3. XRD spectrum (a) activated car-
bon; (b) Zn/AC-KOH (c) Zn/AC-ZnCl2 (d) 
Zn/AC-H3PO4. 
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cm−1 and 1595 cm−1 are assigned to C=O 
stretching vibration in carboxylic group and 
C=C stretching vibration in aromatic ring, re-
spectively. The bands in the range of 1177–
1032 cm−1 are ascribed to C−O stretching vibra-
tions. of cellulose or hemicellulose from raw 
material. It can be seen that the band at 1023 
cm−1 is only obtained on the activated carbon 
and ZnO/ZnCl2 which indicate to have more 
C−O functional groups. The bands at around 
691 cm−1 are related to C−H out-of-plane defor-
mation vibration of C−H groups located at the 
edges of aromatic rings. It was assumed that 
the presence of functional groups on the surface 
is from the conversion of cellulose supported 
with chemical activation into activated carbon 
during pyrolysis process. The band in the range 
452 cm−1 are assigned to Zn−O−C bond stretch-
ing vibration. 
 
3.3 X-ray Diffraction Analysis 
The XRD patterns of activated carbon and 
ZnO/AC-composite were obtained at 2θ ranging 
from 20–70° as shown in Figure 3. The peak at 
2θ= 25.06° and 26.75° proved the amorphous 
structures of activated carbon as displayed in 
Figure 3(a). The XRD patterns of composite 
ZnO/AC-composite were determined with the 
performance in the range of 2θ = 31.70° (100), 
34.44° (111), 36.32° (200), 47.58° (210), 56.56° 
(211), 62.85° (220), and 67.96° (221). This re-
sult is closed to the JCPDS Card No. 89-1397 
[16,17]. The formation of crystalline phase on 
the composites could be occurred during the 
heating process in the hydrothermal reactor. 
However, the degrees of crystalline phases of 
all composites are weak due to the low concen-
tration of zinc precursor with ratio of activated 
carbon and zinc oxide (5:1). The effect of addi-
tional chemical activation could influence the 
crystalline phase of zinc oxide. The strong peak 
was only obtained at ZnO/AC-ZnCl2 is indica-
tive of high crystalline phase. This result was 
assumed that the presence of ZnCl2 as the acti-
vating agent could accelerate the formation of 
crystalline phase. 
 
3.4 SEM-EDX Analysis 
SEM micrographs and the Energy Disper-
sive X-ray analysis (EDX) of elemental micro-
Figure 5. The curve of adsorption with different (a) pH, (b) concentration, (c) time and (d) weight 
adsorbent. 
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analysis of ZnO/AC-composite play important 
roles to study the exchanges of surface different 
chemical activations as shown in Figure 4. The 
surface of activated carbon and composites 
were clearly developed with unsmooth surface 
and disordered porous sizes. Comparison study 
showed that there were different feature be-
tween activated carbon and composite 
ZnO/activated carbon. The white color attached 
on the surface of activated carbon was assumed 
as zinc oxide that can be confirmed from the 
XRD result. The EDX analysis confirmed the 
elemental analysis of composites. The result 
showed that the ZnO/AC-KOH consists of 54% 
and 23% of carbon and zinc oxide, respectively; 
ZnO/AC-ZnCl2 showed 54% and 18% for carbon 
and zinc oxide, respectively, and ZnO/AC-
H3PO4 are 37% and 32% for carbon and zinc ox-
ide, respectively. The amount of carbon de-
creased with increasing zinc content in the 
ZnO/AC-composite which might influence the 
degree of crystalline phase. 
 
3.5 Effect of pH 
The pH solution plays important roles in the 
adsorption process. The effect of pH solution on 
the phenol removal was carried out in the 
range of pH 2–10 as shown Figure 5(a). The 
maximum adsorption of phenol was obtained at 
pH= 2 or acidic condition and decreased as in-
creasing pH solution. Adsorption of phenol 
could be happed by the transfer electron 
through H-bonding and aci based interaction 
[18,19]. In general, the adsorption capacity of 
phenol decreased with the increasing of pH so-
lution, although adsorption capacity for 
ZnO/AC-H3PO4 and ZnO/AC-ZnCl2 increase at 
pH 7. This study indicated that removal of phe-
nol was found to be more suitable on the acid 
condition. The reason of this study showed that 
the surface of composite changed to be negative 
charge, and the phenol became a positive 
charge in acid solution. Interactions between 
composite and phenol showed favor electrostat-
ic interactions in the acid condition leading 
strong adsorption. However, increasing of ad-
sorption capacity phenol at pH 7 is the indica-
tion the surface of composite ZnO/AC-ZnCl2 
and ZnO/AC-H3PO4 changed to be a positive 
charge. This data was supported with previous 
research that the zero-point charge of ZnO was 
found at pH 6.25. This information exhibited 
that below pH 6.5 the surface charge is nega-
tive and above pH 6.5, it is positive. At the 
same reason, phenol was a weak acid with pKa 
= 9.98. It was assumed that at pKa < 9.98, phe-
nol is positive charge and at pKa > 9.98, phenol 
dissociates to be negative charge [20]. In con-
trast, increasing pH solution showed that the 
surface composites are negative charge, and 
then the phenol produce negative charge, as a 
result to reduce the removal of phenol [21]. 
 
3.6 Kinetic Studies 
Kinetics experiments were performed to 
study the adsorption behavior of phenol onto 
the composites. The equilibrium adsorption 
amount of phenol (qe) per unit mass of adsor-
bent at time t (mg.g−1) were calculated as fol-




where V is the volume solution of phenol (L); C0 
and Ce the initial and remaining of phenol con-
centration in solution (mg.L−1) at time t, re-
spectively and m is the mass of the adsorbent 
(g). 
The percentage of adsorption increased with 
the rise of concentration as shown in Figure 
5(b). It can be seen that the sorption rate of 
phenol onto ZnO/AC-KOH sharply increased to 
maximum concentration, if it is compared to 
other composites. This reason can be explained 
that there are many phenolic compounds can 
be adsorbed onto activated carbon through the 
active sites of composite. However, the decreas-
ing of adsorption process is the indicative of 
the insufficient pores that can be used to trap 
phenolic compounds into active sites of compo-
site. 
 
3.7 Effect of Contact Time 
The effects of contact time on the extent of 
phenol removal onto ZnO/AC are shown in Fig-
ure 5(c). The amounts of phenol removal were 
evaluated from 15 to 60 min at room tempera-
ture. As the contact time increased, interaction 
between ZnO/AC-composite and phenol gave 
enough time to build reaction and provided a 
greater availability for the exchangeable sites 
in the adsorption process. The results show 
that percentages of phenol removal increased 
from initial contact time to reach maximum 
value at 60 min. 
 
3.8 Effect of Adsorbent Weight 
The effects of adsorbent weight on the phe-
nol removal onto composites are displayed in 
Figure 5(d). It was clearly seen that percentage 
of phenol removal gradually increased with an 
increasing adsorbent weight. For each of com-
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highest percentage of phenol removal. Howev-
er, the highest efficiency of phenol removal was 
obtained at weight adsorbent of 2 g. This rea-
son was assumed that increasing weight adsor-
bent may increase the ability to adsorb more 
phenol as a result of increasing surface area. 
This phenomenon indicates that the composites 
were effective in the weight range of studied. 
3.9 Adsorption Isotherm  
Determination of equilibrium isotherm in 
adsorption process is one of the most important 
factors to study the behavior adsorption. In 
this study, two isotherm models, the Langmuir 
and Freundlich isotherm were introduced to in-
vestigate the interaction between adsorbate 
(phenol) and adsorbent (composite) in aqueous 
Figure 6. Langmuir and Freundlich isotherms of phenol onto composites: a) Langmuir isotherm 
with the ZnO/AC-KOH; b) Freundlich isotherm with the ZnO/AC-KOH; c) Langmuir isotherm with 
ZnO/AC-ZnCl2; d) Freundlich isotherm with the ZnO/AC-ZnCl2; e) Langmuir isotherm with the 
ZnO/AC-H3PO4; f) Freundlich isotherm with the ZnO/AC-H3PO4. 
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solution. The Langmuir isotherms model is 
usually used to describe monolayer with specif-
ic homogeneous sites on the surface [22]. The 
Langmuir isotherm data is calculated as the 




where Qe is the amount phenol adsorbed at 
equilibrium (mg.g−1), Ce is the equilibrium con-
centration of phenol in solution (mg.L−1), Qm is 
the maximum adsorption capacity correspond-
ing to complete monolayer coverage (mg.g−1) 
and KL is Langmuir constant related with affin-
ity of the point of union (L.mg−1). The value of 
Qm is calculated from the slope (1/Qm) and in-
tercept (1/Qm b) using the linier plot of Ce/qe 
versus Ce. The values of Qm and KL were ob-
tained from Slope and intercept of the plots. 
The Freundlich isotherm equation for the 
adsorption of phenol is calculated from linear 




where the values of KF and 1/n are the Freun-
dlich constants which related to the adsorption 
capacity and adsorption intensity, respectively. 
Their values were calculated from the intercept 
(log KF) and slop (1/n) based on the linier plot 
of log Qe versus log Ce. 
It is very important to obtain the appropri-
ate correlation coefficient (R2) for the adsorp-
tion equilibrium from the curve of Langmuir 
and Freundlich isotherm. Based on the data, 
both adsorption isotherms possess a fit lineari-
ty correlation coefficient R2 > 0.9 that can be 
described as a favorable behavior. The compar-
ison studies of the Langmuir and Freundlich 
adsorption of phenol onto the composites were 
shown in Figure 6 and in Table 2. In this 
study, the curve of Langmuir and Freundlich 
isotherms tends to fit equilibrium data with 
the excellent correlation coefficient (R2 > 0.91). 
The Langmuir isotherms tend to show the fa-
vorable sorption with the presence of micropore 
or monolayer indicating chemisorption process. 
The Freundlich isotherm is widely used as in-
dicative of mesopore with multilayer process 
relating with physisorption interaction within 
phenol molecules. However, the Langmuir 
equilibrium for the ZnO/AC-KOH composite 
showed a low value of correlation coefficient 
(R2), while the Freundlich isotherm showed a 
good value of correlation coefficient (R2). This 
phenomenon showed that the interaction of 
phenol tends to multilayer with physisorption 
process. 
 
3.10 Adsorption Kinetic of Activated Carbon 
Investigation of the kinetics from experi-
mental data was carried from different contact 
times in the range of 15 to 60 min. The adsorp-
tion kinetic was evaluated using the pseudo-
first-order and pseudo-second-order (Table 3) 
followed Eqs. (5) and (6), respectively [23,24].  
Composites 









ZnO/AC-KOH 15.55 0.64 0.778  2.40 1.822 0.912 
ZnO/AC-ZnCl2  1.55 −0.06 0.986  17.45 −1.989 0.967 
ZnO/AC-H3PO4 1.07 −0.02 0.991  451.65 −0.884 0.992 
1










ZnO/AC-KOH 0.73 2.43 0.871 
ZnO/AC-ZnCl2 0.03 3.33 0.987 
ZnO/AC-H3PO4 0.03 3.17 0.972 
Table 3. Pseudo-second-order parameters for the phenol removal onto different composites  
Table 2. Isotherm constants and regression data for Langmuir and Freundlich for phenol removal 
using composites. 
1e e
e L m m
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where qe and qt are the amount of phenol ad-
sorbed (mg.g−1) at equilibrium and at t (min) 
time, k1 is the pseudo-first-order equilibrium 
rate constant (min−1) and k2 is the pseudo-
second-order rate constant (g.mg−1.min−1). De-
termination of constant (k2) can be obtained 
from the plot t versus t/qt relating to the values 
of qe and the intercept. 
Based on kinetic data, the pseudo-first-order 
for all composites showed very low value of cor-
relation coefficient (R2) which is indicative of 
the unfamiliar interaction through the phy-
sisorption process. However, the pseudo-
second-order tends to fit equilibrium on better 
correlation coefficients (R2) which is close to 
unity equilibrium as displayed in Figure 7. The 
correlation coefficient (R2) values are 0.871, 
0.987 and 0.972 for the ZnO/AC-KOH, ZnO/AC-
ZnCl2 and ZnO/AC-H3PO4, respectively. This 
result assumed that mechanism process of the 
removal of phenol onto composites occurred by 
the pseudo-second-order relating with the 
chemisorption process. This result is relevant 
with previous work that the presence of metal 
oxide such as zinc oxide on the surface gave 
contribution on the pore with varying size and 
enriched the oxygen functional groups. The 
phenol adsorption happened by ligand ex-
change/chemisorption through the attractive 




The composite was successfully prepared 
from oil palm shell activated carbon using dif-
ferent activating agents and modified with zinc 
oxide. Chemical activation has influenced the 
formation of pore structure. The highest BET 
surface area was obtained from activated car-
bon prepared by phosphoric acid. All adsorp-
tion desorption isotherm curves showed open 
hysteresis at low relative pressure as an indi-
cation of pore desorption process. The SEM mi-
crograph of composites showed disorientation 
surface with irregular pore size structure. The 
isotherm adsorption of phenol onto composite 
followed the Langmuir and Freundlich models 
with good fit linearity (R2>0.9) and the excep-
tion for the ZnO/AC-KOH with lower correla-
tion coefficient (R2). The kinetic model was fa-
vorable for the pseudo-second-order compared 
to the pseudo-first-order. The results of this 
study showed that ZnO/activated carbon com-
posite is effective for removal of phenol from 
the aqueous solution. 
Figure 7. Kinetics of phenol adsorption based on the pseudo-second order (a) ZnO/AC-KOH; (b) 
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